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These findings have certain points in common with the chemical changes reported by several observers in the study of the so called gastric tetany occurring after pyloric obstruction. MacCallum, Lintz, Vermilye, Leggett, and Boas 2 have shown that following section of the pylorus in dogs a fall in chlorides and an increase in the C02-combining power of the plasma occur. They conclude that the fall in chlorides is due to the loss of hydrochloric acid in the gastric juice through vomiting and that the symptoms are the result of the alkalosis. They noted that the symptoms could be relieved by injections of sodium chloride. McCann' found that following operations on the stomach which exclude acid from the duodenum, tetany develops which is similar to parathyroid tetany. In both conditions he found an increase in the CO2-combining power of the plasma. He concludes that tetany is a condition of alkalosis. Hastings, Murray, and Murray 4 have also made certain studies on the blood after ligating the pylorus in an attempt to produce gastric tetany. All of their dogs developed an alkalosis. They found also that the calcium content of the blood was slightly higher than normal, that the chlorine and sodium were decreased, and that the sulfur and phosphorus were increased. In making a study of clinical tetany Grants reports two cases with obstruction at the pylorus in which there was an increase in the CO2-combining power of the plasma. In one case he found a marked reduction in chlorides in the blood.
I Haden, R. L., and Orr, T. G., J. Exp. Med., 1923, xxxvii, 365. 2 MacCallum, W. G., Lintz, J., Vermilye, H. N., Leggett, T. H., and Boas, E., Bull. Johns Hopkins Hosp., 1920 , xxxi, 1. 3 McCann, W. S., J. Biol. Chem., 1918 , xxxv, 553. 4 Hastings, A. B., Murray, C. D., and Murray, H. A., Jr., J. Biol. Chem., 1921 , xlvi, 223. 6 Grant, S. B., Arch. Int. Med., 1922 The investigations quoted have been made with the hope of throwing light on the origin of tetany. Since it has been shown that a calcium deficiency is probably the cause of the tetany occurring after parathyroidectomy, work has chiefly been done on the inorganic salt metabolism. No attention has been paid to the protein metabolism or its possible relation to the inorganic salts. Our findings in intestinal obstruction as regards the chlorides and CO2-combining power are essentially the same as those reported in tetany following pyloric obstruction. We have shown, however, that in intestinal obstruction there is an intimate relation between the chlorides and the protein metabolism and that both in turn are dependent upon the action of the toxic agents. This has led us to make complete studies of the blood following pyloric obstruction since it seemed probable that there was a protein destruction which might have an important bearing on the tetany.
Method.
All experiments have been made on dogs. All operations were done under ether anesthesia with aseptic technique. Obstruction of the pylorus was effected by ligating with a piece of narrow tape. The dogs were kept in metabolism cages. No food was given after operation and usually none for 48 hours preceding operation. Water was given ad libitum. Vomitus was collected with the urine for the estimation of the chlorides. Blood was obtained for analysis from the jugular vein just before operation and at 24 hour intervals thereafter.
The non-protein nitrogen, sugar, and creatinine of the blood were determined by the method of Folin and Wu, 6 the amino-acid nitrogen by the method of Folin, 7 uric acid by the method of Benedict, 8 urea nitrogen by the Van Slyke and Cullen 9 modification of the Marshall method, CO2-combining power by the method of Van Slyke, 1 0 and the 6 Folin, O., and Wu, H., J. Biol. Chem., 1919, xxxviii, 81. 7 Folin, O., J. Biol. Chem., 1922, li, 377. 8 Benedict, S. R., J. Biol. Chem., 1922, li, 187. 9 Van Slyke, D. D., and Cullen, G. E., J. Am. Med. Assn., 1914 , xii, 1558 . 0 Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1917 chlorides on the tungstic acid filtrate after the technique suggested by Gettler." The chlorides in the urine were determined by a modified Volhard-Arnold method.
OBSERVATIONS.
The dogs vomited freely after operation. Typical tetanic convulsions were observed in only one animal (No. 16), although muscle tremors were present in all. The animal developing tetany was taken directly from the stock cage and lived only 72 hours after operation. It showed a very high blood non-protein nitrogen before death.
The other animals lived from 4 to 9 days. At autopsy there was no peritonitis. The stomach was not markedly dilated. The ligature was always in place. It was found, however, that the obstruction was not complete. An opening through the pylorus large enough to admit a lead pencil was regularly present. The dog living only 4 days showed multiple abscesses in the spleen, kidneys, and retroperitoneal lymph glands. The blood findings, which are not so characteristic as in the other animals, may have been influenced by the infection. The results of the chemical studies are summarized in Table I .
In each animal a marked fall in the chlorides of the whole blood, a rise in CO2-combining power of the plasma, and a marked rise in total non-protein nitrogen and urea nitrogen occur. The uric acid, creatinine, sugar, and amino-acids show practically no change. The total chloride excretion in the urine and vomitus was never large. DISCUSSION. It is quite evident that following pyloric obstruction there is a marked protein destruction in addition to the alkalosis and fall in chlorides. The fall in chlorides precedes the rise in blood nitrogen and there is seemingly a close relation between the two. The increase in blood nitrogen and in the nitrogen destruction appears before there are symptoms of tetany. It is apparent that the possibility must be considered that the tetany is due to the protein split-products instead of to the alkalosis. The only dog in the series which showed tetany Creatinine.
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8. . chloride in the gastric juice as an explanation for the low blood chloride and the alkalosis can consequently be ruled out. The possibilities involved in the relation between the fall in chlorides and the increase in nitrogen have been discussed in the preceding paper.' The nitrogen destruction explains also the increase in sulfur and phosphorus found by Hastings, Murray, and Murray, since both substances come from protein. We believe that these studies show that the intoxication following pyloric obstruction is essentially the same as that following high intestinal obstruction. It is evident that a study of the tetany following pyloric obstruction must include the protein as well as the inorganic salts. The possibility must be considered that the condition is primarily a disturbance in the protein and only secondarily in the inorganic salts.
CONCLUSIONS.
Chemical studies of the blood and urine of four dogs following pyloric obstruction are reported.
The observations of other workers that a fall in chlorides and a rise in C0 2 -combining power of the plasma occur, are confirmed.
There is also a marked rise in the non-protein nitrogen of the blood, consisting mainly of urea nitrogen and undetermined nitrogen.
The fall in chlorides is not due to the loss of chlorides in the gastric juice. The chlorine is probably bound somewhere in the process of protein destruction.
There is a close relation between the fall in chlorides and the protein destruction.
A study of tetany should include the protein metabolism as well as that of the inorganic salts, since it seems possible that the tetany is due to protein split-products and not to the alkalosis.
The chemical changes following pyloric obstruction are essentially the same as those following high intestinal obstruction.
